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History of MiniZinc
" How did it come into being
.
The Current State of MiniZinc
- #{“ Feétﬂres that have been developed
' The Future of MiniZinc




“Alone we can do so little; together
we can do so much.” — Helen Keller

Ignasi Abio, Roberto Amidin'i, Maria Garcia de la

Banda, Ralph Becket, Gustav Bjordal, Sebastian
Brand, Geoffrey Chu, Michael Codish, Jip Dekker,
Nick Downing, Thibaut Feydy, Pierre Flener,
Graeme Gange, Tias Guns, David Hemmi, Kevin
Leo, Kim Marriott, Chris Mears, Nick Nethercote,
Justin Pearson, Andrea Rendl, Andreas Schutt,
Joseph Scott, Guido Tack, Mark Wallace




N, . e
STR T e
- i

- - e || . } O
At L e




Genesis of MiniZine

” CPZOO6 Nantes

Workshop Next 10 years of CP

- * some speakers went WAY overtime

~* one large question resonated

+* We need a standard for writing CP models
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.+ The G12 Project

* commenced in 2004
#* Zinca hlgh level modelling language
~* Cadmium: a model transformation language
- Mercury: a solver compilation language

* around since 1995, used to build solver

|+ Monolithicsystem




- Genesis of MiniZinc

.+ MiniZinc is a simplification of Zinc
* stripping out complex things
- . constrained types, functions, records, tuples, enums
~+ Key difference
.+ MiniZinc interprets models to FlatZinc

~+ Zinc compiles models to Mercury




Separationof model and data
Expresswe enough type system
. 1nt ﬂoat bool set of int, arrays -
' *.'Predicates
* Crueial to handling global constraints
' Maps to FlatZrnc

o W m1n1ma1 1nterface to a solver vars + constramts i ob]ectlve __




- Key Aims of MiniZinc

B Easy for solver writers to support

% spec1al1zed globals hbrary

* FlathC parser

| » many used the Gecode FlatZinc parser to start
.+ Easy for modellers to use

~# Open source
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+ MiniZinc paper REJECTED by CPAIOR2007
* Admittedly we didn't have a full implementation
e * MiniZinc + FlatZinc definition
- * Cadmium translation from MiniZinc to FlatZinc

* Noexperiments in the paper

o But the key problem

| L Mm1ch A Standard Language for Modelhng CP Problems |
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Versions of MinZinc

2007: v0.6 and CPpaper
2008: v0.7, 0.8, ﬁrSt'MiniZinc chéllenge
2009: v1.0, BSD license
4 2010: vk rewrit;céﬁ,. .m;ore efficient m»zn2fzn, V1.2, CP-viz, tutorial
.20-‘112-'-V1 .3,- 1.4, vimprovedoutput
2012: 15, 16 .

& 201 v2.0 beta: minizinc.org

204 v20
~ + 2015: MiniZinc IDE, MiniZinc bundle

~ + 2016: v2.1 MiniZinc and MiniZinc IDE



http://minizinc.org

Sigificant Advances

* Relational Semantics
~ » User Defined Functions ‘
= * Option Types

* Enumera_ted Types -




Relational Semantics

~ + What are the solutiens of model A

o s O;.liey;'constraint P =0 oy T

- What are the solutions of model B

@'var O y, constralnt not(l/y 5_1)
%« Thife‘e possibilities =
~ * Strict: A: {}, B: {}
~* Kleene: A: {y =0}, B: {}
» Relati'oinalz A:‘ {y = 0}, BI {Y= 0}
: ;}L""’ Mlmzmc 1mplements the relatlonal semant1cs -

e * most modellmg languages 1mplement none'




- User Defined Functions

- Were in Zinc, but not MiniZinc
Needed
* foif better common subéxpreSsion _elimination
= --l"? ~driven by machine learning examples
| "'._Int'roduced need for local conStraints (not in Zinc)
Advantages (beyond better CSE)
-+ simplify the built ins of MiniZinc
45 imp'roif‘ed- functional global handling (1/3 globals are functional)

~ + better tféns_latio_n'to solvers (in particular for MIP)




- Option Types

* Representmg dec1810ns that are only sometlmes relevant

-+ like optronal mterval Var1ables in CP optimizer

’ Mamly added to support

| ‘f"f 1terat10n over Varlable sets, Varlable Where conditions

* Syntax =
Vol get of S 12:'X;
._constralnt SR S R e i S

~ * Actual meaning’
{‘var sethof 1. 12 X;
ﬁlconstralnt y sum(i in T 12)
’ e 5(1f 1 1n s then a[

;

else <> endif);"r;
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% Anew value <> meaning optional i
b 5a constraintit,is' ignored
* e;g.alldi__fferent( [<>-, 1,4, <>])
- = acts as an identity in an expression where possible
- * eg <> + 4 = | i
% acts as annihilator otherwise

. ie.g <> =
» Translated away by default

| w Eases modelhng, but more work requ1red on globals




- Enumerated Types

¢ Back from Zinc! '

» Implemented as type erasure

* simply atype artiiﬁcefor integers
# Aim to catch type errors in models
~array[POS] of var PERSON: order;

~enum PERSON = {ann, bob, cal, dan, edna, fred};
~constraint order[fred] > order[home];

~* Enumerated ty_‘pes'

» are ordered as in the definition: ann < bob

* coerce t't)fintegérs when used as integers: dan + 1 = 5




Current State of MiniZinc



- Statistics

% 441 c1tat1ons of the paper

‘* * 66 from last year and growmg

* 40 OOO downloads of MiniZinc package

* around 50 a day
% 50% lmux 25% Wmdows 25% mac




Modeling for Discrete Optimisation

8 week Coursera course on Minizinc

launched late 2015, closed mid 2017

8000 students



+ Basic Modeling for Discrete Optimization

‘Advanced Modeling for Discrete Optimization
launched Jan 2017

Chinese and English

8000+' students

9 10 11 12 13 w4

ELRNE




MlﬂlZlnC Challenge -

| W Smce 2008 (10th rurmmg th1s year)

s Collected over 150 benchmark problems

. many real world mterestmg problems ‘

» Tlus year
= ‘W 16 solver (Var1atlons) submltted
. ,8 mternal submissions

~ * 5categories:

GOLD MED4

HCSP

in the MiniZinc Challenge* 2016:
Free Search Category

At CP 2016, September 5 — September 9

. -"':FiSégd,i_‘free, | parallel, _:open," local_search




. LthFList of Features Coming Soon!

Symmetry Detection (2009)
~ + Dominance Detection (2015) '
* Half reification (2011)
: Globals Petection (2:(')13).
+ Stochastic MiniZinc (2014)
* Multi-pass compilation (2015)
MiniSearch (2015)
Strings.(2()116) ..

| Auto tabhng(2017) S e




Generate symmetries of small instances

* find which symmetries generalize across instances

Generate candidate model symmetries

- * ask the user or use theorem proving

o Add symmetry breaking (dynamic/ static) to model

Extension to dominance
* separate out objective and / or some constraints
* generate symmetries

* convert to dominance constraints
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ﬁwconstraint'x>= 0 \/(Y<O/\Z .

* becomes by re1f1cat1on
= W var bool:'bI' 5 >='O);
 var.bool:b2 = Uy
 var~bool: b3 f = =il
:"var bool: b4 b2 /\ b3);

.‘i-constralnt bl \/ b4

~+ Better tr_’anslation .
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o Benefits
+ all globals can be half reified:

. separate fallure from propaga’uon
— _ ’l_ess propagation (faster)
W‘simpliﬁes implementation of relational semantics
. Some solvers mternally perform half-re1f1catlon

i CPX
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~* Find global constraints which are implied bythe 'model

*+ Use structuré of model to find sub-problems

minizinc.org/globalizer

1.00 bin_packing_capa(capacity, [hostedBy[1,3], hostedBy[2,3], hostedBy[3,3],

‘%’ Generate Candidate glOb al Constraints . B hostedgy[4,3], hostedBy|[5,3], hostedBy[6,3], hostedBy[7,3],

hostedBy[8,3], hostedBy[9,3], hostedBy[10,3]], crew)

10
11 ray [GuestCrews, Ho tB ats, Time] of var 0..1 : visits;
in i

# Rank the global candidates by {FR
P 3 % : 15 constraint forall (h in HostBoats) (

)
17 sum in Time) (visits[g,h,t]) <= 1)

; ‘@‘ 3 Coverage by SOlutionSI Size Of glObal ig or\:um ::Ln l.Jes rews) (crew[g]*visits[g,h,t]) <= capacity[h])

20 H

* ‘-.Presentthe globals to the user in ranked order

* Was available as a web tool: minizinc.org / globalizer

» nghly 1mportant approach for naive modellers

* givesa Way to ”lookup the globals you need for your problems



http://minizinc.org/globalizer
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~* Extend MiniZinctoéxpress stochastic problems
R stage(n)‘ann_ot'ation for pars and vars |
* :: expected value objectives
. sCeria_ri‘os and scenario weights
* Three approaches: transformation + solving hybrid
o deterministic equivalenée (transformation only)
2 pOlicy%és’ed search

. progressive hedging

+ Was available:."min-i.zif_n'c : Org/s‘tochastic/ |

| * new app‘ifqaj_ch by Guido TaCk_ and DaVid Hémmi to\"bie integrated
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~ + MiniZinc flattens to FlatZinc

* many decisions made during flattening, e.g
var (2,4 xxwar {2, 435 ys Va2 A s
- constraint all different([x,y,z]);

4

 constraint x+y+z=12 -> y=max([x,y,z]);

~* becomes | _
'-vaf‘{2,4}: Xy o vardo b v uae {004 B oy
constraint all different([x,y,z]);
var 2;.5§;jl)é=1nax([x,y,z])
.1 var:booI;'bO_i_(y ? iO)

. var bool: bl = (xty+z != 12)

" chstraih£ Qr(bO;b1);;_;; __
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Meta-search language for MiniZinc
Principles
* no new interaction with solver
¢ post constraints, get next solution, stack of scopes :

A procedural language for solver control
s==% aninterpreterin C++=

~* natively interacts with MiniZinc variables

- * manages solutions
 Expresses searches such as

. Iexicogréphic- B&B, large neighbourhood search, and /or search, interactive optimization

* Available atminizinc.org/minisearch/
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+ More information = better decisions
var {2,4}:-X;‘Var (2. 4): v: var (205} -;
| constraint'all cditnterent (Ix, g 2l
Yval v il s meR e o o) 5
s beoli b - Ly = 1oy false
- var bool: bl = (xty+s |= 12} true

~constraint ex{kbybi)rs

+ finally
tvar'{2/4}1:X;

L conStRgait o ke
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b Multl pass compilation
' Gecode first pass Other solver second pass
- reduces model size: around 5%
+ reduces run time for MIP solvers: around 50%

' can improve compile time, no worse than double
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We have extended MiniZinc with

var List of $T:asequence of type T
o C,Quld be int, or an enumerated type ahun DNE = [ N C. & T ¥
string constraints
= (lex)order, COncatenatiOn, reverse, length, regular, gcc
coercion: array[int] of var int coercestovar list of int
- Default: translated to integer constraints

But: Gecode+S | (,natiVé definiti_on) :
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.+ Strings in MiniZinc provide

+ a standard way of writing string problems
~ + anew challenge for CP solver implementors

. * see our paper on Friday
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| * Annotate a Predicaté as: :: presolve (autotable);

predicate rank apart(var 1..52: a, var 1..52: b)
= table (dksl] (4 [-1bP mod,133) |in {1522}p1 []);

* Solution are computed
- e predicate replaced by a table constraint o
* Variations
~ * call-based, and instance independent
& wBen’eﬁtSF =
e imprOVe'd solving fime

* automatic reformulation of poor models

-+ Not done mAustraha |
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= . linearization library
+ MIP solvers now usable through MiniZinc

+ C++ interface for MiniZinc

| B J SON input / Output for MiniZinc

~ MiningZinc:

- * aspecial version for itemset mining
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Future of MiniZinc
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+ New library

R changes to FlatZinc

~#» Automatic checking/grading

~+ see talk later in this workshop

» New Coursera course: Solving Technologies
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o Nammg Conventlon Changmg
U alldl ffe rent (M1n1Z1nC level)

o fzn alldlfferent (Flathc level)

- solvel‘ 1mplementors ad]ust this definition
: . En ablesbetter presolving

“+ Allows more reuse
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+ New graphs globals mcluded

;_}W;bounded path connected dag, path,
- reachable, steiner, tree, wst (weighted
~ spanning tree)

- # directed and undirected versions

o Some-others: ele St dd




Auto Checking Grading

| Infrastructure used for
Coursera .

z N nueber of ralls = ar for stages A,8,C,D,E

% numsber of rails = (nr + 1) div 2 for stage F
un of int: RECLAIMER = 1..nr;
5 bool: stageF; % is this stoge F data
[
7int: ns; % nueaber of stockpiles

nset of int: STOCKPILE = 1..ns; = -
Bulld a stan dalone ro ect B e et
10 array [STOOKPILE) of SMIP: ship; % which ship carries stockpile IR pa_01_07_00.dan

1 N ps_01_08_00.dzn

| 12 constraint forall(sh in SMIP) % ps_03_08_00.dn

; X X 1 (assertlexists(s in STOOKPILL) (ship[s] = sh), R pa_03_12 00.dzn
e W]_ e al e ee aC : 14 “Ship " ++ show(sh) «+ * has no cargo!™)); =] ps_04_12 00.dmn

v 15
é 16 int: maxtise; % time considered g:-:_;z 01.dm

17 set of int: TIME = Q..maxtime; .

18
19 int: nsh; % number of ships Cowrsena

0 set of int: SHIP = 1..nsh; portschedule_viz.man.Mml
21 array [SHIP] of TIME: arrival; % when ship arrives in port

-Checking m DE = - CRE T

P

P,

PP

° Che_cki_ng »_asweb service

o -More detarls later in
MODREF
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+ Looking at solving technologies

* Constraint programming .

* Mixed integer programming

» Local search

+ Using MiniZinc
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- The Further Future =~

Better Search Annotations

* complete search + LNS
. loéal_ search
~#» Nested Constraint Programming
. extending Stochastic MiniZinc

- 22777
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+ MiniZinc is a successful modelling language
* ease of _use,' ease of learning
W easé of solver suppbrt

+ expressiveness (except search expressiveness)
% A suite of standard benchmarks for CP
|+ Still lacking
 + ease of integration in applications

~ * resources to integrate / maintain features




Questions

| + What do you wantfrom MiniZine?

" + What can you do for MiniZinc?




